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ABSTRACT
EFFICIENCY OF USING COMMERCIAL DNA EXTRACTION KITS
AND THE ORGANIC EXTRACTION METHOD IN REMOVAL
OF POLYMERASE CHAIN REACTION INHIBITORS
by
Brandi Jo Payne
May2012
The first step in the determination of a perpetrator of a crime using DNA profiling
is obtaining good quality DNA. The substrate on which the body fluid is located may
contain substances that can co-extract with DNA and may inhibit subsequent PCR
analysis. In this study, the efficiency of the removal of such contaminants were tested
using three different methods, namely the PrepFiler DNA extraction kit, DNA IQ DNA
extraction system, and the organic DNA extraction protocol. One, two, five, and ten µl of
whole blood were deposited on soil, wood chips, and cotton swatches treated with bleach.
DNA was extracted from all samples and controls using three extraction procedures and
quantitated. The AmpflSTR Identifiler kit was used to develop genetic profiles to assess
the quality of the extracted DNA. The overall recovery of DNA was reduced in all the
treated samples compared to untreated ones. No DNA was recovered using the organic
extraction on the soil and wood treated samples for all the sample volumes tested.
Several fold reduction in the DNA recovery was noted for the PrepFiler kit and the DNA
IQ system. Allelic drop-outs or complete absence of a genetic profile were identified for
the soil and wood treated samples that were extracted using organic and PrepFiler
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extraction methods. The DNA IQ system was found to remove all the inhibitors from
bleach, wood, and soil treated samples, yielding a complete genetic profile.
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CHAPTER I
INTRODUCTION
In forensic science, biological evidence found within a crime scene can be used to

identify a suspect or a victim of a crime. This type of evidence may be in the form of
blood, semen, saliva, skin cells, bone and soft tissue fragments, and hairs. Biological
evidence contains a chemical substance called Deoxyribonucleic Acid (DNA). DNA is
the hereditary material in humans and in almost all other organisms. All cells containing
nuclei in a person's body have the same DNA. Most DNA is located in the cell nucleus
(nuclear DNA), but a small amount of DNA can also be found in the mitochondria
(mtDNA) ("Genetics Home Reference," 2012). The DNA structure is composed of a
phosphate, a sugar, and one of four nucleotide bases, adenine (A), thymine (T), guanine
(G), and cytosine (C). These bases combine with each other in various positions creating
diverse- biological differences among human beings and other living creatures (Butler,
2005).
DNA may be discovered and collected from various pieces of evidence within a
crime scene. These pieces of evidence may be discovered and collected from places such
as outside in the soil, on an article of clothing, or on the barrel of a shotgun. In some
cases, a criminal may attempt to wipe or wash away evidence that may contain his or her
DNA by using cleaning products such as bleach or detergents. The substrate that the
DNA is embedded in or the cleaning products used in an attempt to destroy the evidence
may contain chemicals, dyes, or other substances that adhere to the DNA molecules and
are collected with the sample.
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Molecules of DNA must be separated from debris and other cellular material
before analysis. However, some substrates in which the DNA is recovered may contain
substances that co-purify with DNA during the extraction process. In order to separate
DNA from the molecules of dye, chemicals, and other cellular material, DNA must go
through a purifying process that is referred to as DNA extraction. DNA can be extracted
using several different techniques.
DNA extraction methods vary depending on the type of biological evidence that is
being examined. A liquid blood stain and a dried blood stain maybe extracted using
different methods and amounts of reagents, although both pieces of evidence are of the
same kind. Semen evidence is usually associated with sexual assault crime; therefore, the
evidence may be mixed with another type of body fluid such as saliva, blood, or
epithelial cells from the victim. The separation of the sperm cells from non-sperm cells
from sexual assault evidence is called differential extraction. A straight extraction will be
performed on biological evidence that is from a single source, such as a blood stain or a
buccal swab.
According to Figarelli (n. d.), extractions must use appropriate salt concentrations
and pH to ensure that proteins and other contaminants are separated into the organic
phase and that the DNA remains in the aqueous phase. DNA is extracted using these
basic steps: cell lysis, the addition of a protease, the removal of cellular material, and the
precipitation of DNA. Cell lysis is a process that causes disintegration of the cell
membrane in order to expose the DNA within. This is usually achieved by soaking a
sample using a stain extraction buffer and heated for a determined length of time.
Adding a protease digests the cellular proteins from the sample. The cellular material is
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removed by mixing the contents with an organic solvent, such as phenol, by washing the
sample with a wash buffer or using a centrifugal filter unit to purify and concentrate the
DNA. Precipitation of DNA is carried out by adding ethanol and a salt to the aqueous
solution containing the DNA forcing the DNA to precipitate out of the solution. The
precipitated DNA is then separated from the rest of the solution by centrifugation (Butler,
2005).
DNA extraction can be achieved by using extraction techniques such as FfA
paper extraction, Chelex extraction, organic extraction, and the use of commercially
available DNA extraction kits (Butler, 2005).

FfA paper was developed by Lee Burgoyne at Flinders University in Australia as
a method to store DNA (Butler, 2005). The FfA paper is made of an absorbent cellulose
material and it contains four chemicals that protect DNA from nucleases and bacteria
(Butler, 2005). A drop of blood is added to the paper and allowed to dry. The cells are
lysed upon contact with the paper and the white blood cells are captured and immobilized
within the matrix of the paper. A small punch of the bloodstained paper is removed and
placed in a tube for washing. The DNA is purified while within the paper and can be
added directly to the Polymerase Chain Reaction. Advantages of using the FfA paper
extraction method are reproducible results, automation, reusable samples, and long term
storage. A major disadvantage of using this technique is due to static electricity which is
created between the sample tray and the punch causing the samples to jump between
wells and contaminate other samples.
The Chelex DNA extraction method uses chelating resin to extract DNA from
blood samples, tissue, hair, and bone (Figarelli, (n. d.). Chelex resin contains polymers
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that bind to metal ions such as magnesium. The metal ions are bound to the resin and
removed from the sample in order to inactivate nucleases which destroy DNA. The
sample is boiled in a 5% suspension of Chelex resin and deionized water. This process
breaks the cells open in order to remove the proteins and release the DNA. The sample is
then centrifuged to pull the proteins and resin to the bottom and leave the DNA
suspended in the aqueous portion of the tube. The supernatant is removed and can be
added directly to a PCR amplification reaction. Advantages of using the Chelex method
include fewer processing steps, faster processing time, and lower chances of sample to
. sample contamination. A disadvantage is the resulting single stranded DNA is only
useful in a PCR based analysis (Butler, 2005).
Organic extraction is a conventional method that uses organic chemicals to isolate
genomic DNA and has been practiced for several decades (Butler, 2005). The procedure
can be described in four steps: Solubilization of the stain components, denaturation and
hydrolysis of proteins, removal of denatured proteins, and purification of DNA. Organic
extraction methods are often preferred for the extraction of biological stains containing
small amounts of DNA or degraded DNA. These methods could be considered less harsh
than other methods. Some advantages of using a commercial DNA extraction kit instead
of the organic extraction method are: simpler processing, automation capabilities, less
chance for sample handling errors, higher DNA recovery, and pure extracted DNA (less
PCR inhibitors). However, organic extraction method may be less expensive when
handling a larger number of extractions.
The use of commercial kits for the isolation and purification of DNA has become
popular in recent years. The PrepFiler DNA extraction kit is one of such commercial kits
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available from Applied Biosystems (Foster City, CA). The DNA IQ system is another
commercially available DNA extraction kit (Promega Corporation, Madison, WI). The
PrepFiler forensic DNA extraction kit contains reagents optimized for cell lysis, binding
genomic DNA to magnetic particles, removing PCR inhibitors, and eluting concentrated
and purified DNA. The kit can be used with one standard protocol to extract and isolate
DNA from most forensic sample types, including body fluids, stains and swabs of body
fluids, and small tissue samples. The approximate yield from 1 µl of blood that contains
4,000 to 11,000 nucleated blood cells is 25 to 65 ng of DNA. The kit is appropriate for
use with samples containing potential inhibitors of the polymerase chain reaction.
The DNA IQ System avoids the use of harmful organic solvents such as phenol
and eliminates multiple centrifugation steps used in some DNA purification procedures.
The DNA IQ System procedure is performed using a few simple steps: lysis of sample,
DNA capture using resin, washing of resin, and elution of DNA from resin.
The cellular material or foreign substance that co-purifies with the DNA may
affect the downstream processing of the DNA sample such as inhibiting PCR. PCR
inhibitors are common obstacles when extracting DNA from forensic evidence.
Polymerase Chain Reaction was conceptualized in 1985 by Kary Mullis and
members of the Human Genetics group at the Cetus Corporation (now Roche Molecular
Systems) in order to amplify (copy) small quantities of DNA for analysis (Butler, 2005).
Later in 1993 Kary Mullis was awarded a Nobel Prize in Chemistry for this invention
(Butler, 2005). PCR is a process where specific regions of DNA are replicated using a
series of heating and cooling cycles combined with other components. The heating and
cooling cycles are conducted by the use of an instrument called Thermal Cycler. The
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PCR mixture contains PCR buffer, deoxynucleotidetriphosphates (dNTPs), Taq DNA
polymerase, primers specific for the target region, and template DNA (Butler, 2002).
The dNTPs are added to the PCR mixture in order to allow the Taq polymerase to
incorporate nucleotides into a growing DNA chain during the primer extension process.
Taq, short for Thermus aquaticus, is a heat-loving bacterium found in the hot springs of
Yellowstone National Park. Because Taq polymerase is not destroyed by the high
temperatures of PCR, it is only necessary to add it once, at the beginning of the reaction.
Taq polymerase is now produced for PCR by genetically engineered bacteria. The
samples and the PCR mixture are added to tubes and then placed in the thermal block of
the thermal cycler. The mixture is heated to 94°C then cooled to about 60°C then heated
again to 72°C at specific intervals. The DNA strands denature (separate) at 94°C; at 60°C
the primers attach to the complementary sequences of the target and at 72°C the
polymerase extends the primers by copying the target region of DNA. This process is
repeated between 25-35 cycles yielding exponential amounts of copied DNA.
PCR inhibitors are substances that interfere with the amplification process of
DNA. Inhibition can result in partial DNA profiles and, in some instances, false negative
results. Sources of inhibition are classified into three groups: Internal or those found in
body fluids, substrates or those arising from the materials on which the blood stain or
other sources of DNA have been deposited, or other sources such as reagents and
materials used in the analysis. PCR inhibitors are one of the biggest problems of the
amplification process and forensic samples often contain significant amounts (Applied
Biosystems, 2008). It is important to remove PCR inhibitors because they can prevent
amplification of DNA with subsequent partial profile or no profile. Not being able to
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copy DNA would severely limit the ability of forensic scientists to generate the genetic
profile of a suspect or victim of a crime.
Goals and Objectives
The aim of this project is to determine if the use of commercial DNA extraction
kits is more effective in removing PCR inhibitors than using the organic extraction
method. This topic was chosen for study because of the problematic existence and
commonality of PCR inhibitors when dealing with forensic DNA samples.
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CHAPTER II
REVIEW OF LITERATURE

PCR inhibitors are an obstacle to successful amplification of forensic DNA
samples. Bessetti (2007) says the best way to avoid PCR inhibition is to keep the
inhibitor from being processed with the sample. One way to do this is to use the swab
method for transferring casework samples from other materials instead of processing the
sample still embedded in its substrate. Some inhibitors are inherent to the sample and are
impossible not to process with the sample, such as with blood and tissues. Possible
solutions to PCR inhibitors are a combination of sound sample handling and processing
techniques using extraction systems proven to efficiently purify inhibitor-free DNA. A
different approach to improving PCR amplification by removing inhibitors is using
agarose-gel blocks that have DNA embedded in them (Moreira, 1998). This study
showed that the inhibitors polysaccharides, hemoglobin, and humic acid exhibit similar
solubility to DNA and are not commonly removed by DNA extraction methods alone.
The PCR inhibitors were able to be washed out from the gel because they are smaller
than the DNA macromolecules, therefore yielding a highly purified and contaminant-free
DNA sample.
There are different types of PCR inhibitors and several ways they can be
removed. Some known PCR inhibitors are chemical agents found in household cleaning
products, complex polysaccharides found in plant material, melanin found in hair and
skin, hemoglobin found in blood, and indigo dye found in denim (Bessetti, 2007). Other
important sources of inhibitors are the materials and reagents that come into contact with
samples during processing or DNA purification. These include excess Potassium
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Chloride (KCl), Sodium Chloride (NaCl) and other salts, ionic detergents such as Sodium
deoxycholate, Sarkosyl, Sodium Dodecyl Sulfate (SOS), Ethanol, Isopropanol, and
Phenol.
PCR-based tests of blood and soil are widely used for diagnostics tests for genetic
diseases, microbial and viral infections, blood typing or blood banking, as well as
environmental tests and forensic human DNA identification (Kermekchiev, 2009). A
study done by Kermekchiev, et al. (2009) showed that the effect of the main PCR
inhibition in blood and soil, the hemoglobin and humic acid respectively are primarily
associated with inactivation or inhibition of Tag DNA polymerase. This study showed
that the Ampli-Tag Gold, a hot-start version of Tag can be completely inhibited in the
presence of less that 2% whole human blood. Researchers found that the usage of
Betaine, Bovine serum albumin, the single-stranded DNA-binding protein of the T4 32
gene, or a cocktail of protease inhibitors can partially reduce the blood inhibition and can
allow Tag to work in up to 2% blood.
The amplification of DNA from blood samples can be significantly reduced or
blocked by natural components of blood, such as heme, and immunoglobin G (Tilsone, n.
d.). Hemin, a hemoglobin derivative and its breakdown products, bilirubin and bile salts
are also found to be PCR inhibitors. In a study done by Akane, Matsubara, Nakamura,
Takahashi, and Kimura (1994), the heme compound found in DNA extracted from
bloodstains was characterized in comparison with different forms of hemoglobin
molecules, alkaline and acid hematin, histidine and ammonia hemochromogens, and
globin and serum albumin hemochromogens. All of these heme molecules were digested
by proteinase K. As a result, the alkaline and acid hematins were almost completely
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removed by phenol/chloroform treatment and ethanol precipitation. The use of a
spectrophotometer indicated that the contaminant was likely to be the product of
proteinase K digestion of some heme-blood protein complex which was not completely
extracted by organic solvents and remained in the ethanol precipitates of DNA. The
results of polyacrylamide gradient gel electrophoresis and amounts of the inhibition of
PCR suggested that the ligand of the contaminant was a somewhat large molecule and
resistant to the proteolysis by proteinase K. The addition of bovine serum albumin to the
reaction mixture prevented the inhibition of PCR by the heme compounds, probably by
binding to the heme. This showed that the inhibition was not due to the irreversible
inactivation of the enzyme.
Soil contains organic compounds that can inhibit the PCR amplification process
such as humic acid, which is the residue of decaying organic matter. The humic acid
substances inhibit restriction endonucleases and Taq DNA polymerase, which is the key
enzyme of PCR (Yeates, Gillings, Davison, Altavilla, and Veal, 1997). Taq DNA
polymerase is typically inhibited in the presence of less than 1 ng of humic acid in a PCR
reaction (Kermekchiev, 2009). Though the chemical composition is highly complex,
these compounds readily co-purify with DNA and are difficult to remove without
additional, laborious and time intensive treatments to obtain DNA suitable for PCR,
Yeates, et al. ( 1997). Promega validation studies show that the presence of PCR
inhibitors affects DNA samples by directly interacting with DNA or with thermostable
DNA polymerases (Bessetti, 2007). PCR inhibitors that bind directly to DNA can
prevent amplification and facilitate co-purification of inhibitor and DNA. Inhibitors can
also interact directly with a DNA polymerase to block enzyme activity. DNA
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polymerases have cofactor requirements that can be the target of inhibition. Magnesium
is a critical cofactor, and agents that reduce Mg2+ availability or interfere with binding of
Mg2+ to the DNA polymerase can inhibit PCR.
Criminals may try to conceal their crimes by attempting to get rid of DNA
evidence. They may use cleaning products that contain bleach in an effort to wipe away
any trace DNA evidence. The two kinds of bleach found in most household cleaning
products are chlorine bleach and oxygen bleach. Sodium hypochlorite, the active
ingredient in chlorine bleach, may remove a bloodstain to the naked eye, but forensic
scientists have been able to recover DNA from articles of evidence that have been
washed using chlorine bleach (Schiro, 1995). Forensic experts have a more challenging
time detecting blood evidence when oxygen bleach has been used because of the
oxidizing agent, hydrogen peroxide. The hydrogen peroxide oxidizes the hemoglobin in
blood causing the stain to be undetected by luminol and phenolphthalein, which are often
used as a presumptive test for blood (Grispino, 1990). Whether the criminal uses
chlorine bleach or oxygen bleach to destroy the DNA in the fabric, examining the seams
of clothing could provide the forensic examiner with more useful information.
A validation and comparison study was done by Brevnov et al. (2009) using the
ABI PrepFiler DNA extraction kit. This study showed that the PrepFiler extraction kit
produced a high recovery of DNA from samples that were of low quality and quantity.
The DNA was extracted from several substrates that were known to contain PCR
inhibitors such as blood stains on denim, cotton cloth and FTA paper, saliva on swabs,
semen stains on cotton fabric, samples exposed to the environment, and touch evidencetype samples. ABI used these same DNA samples in equal quantities to test the
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efficiency of their kit against other commercial extraction kits and methods. The results
of their research were favorable to their products because DNA obtained from the
samples using the PrepFiler kit was free of detectable PCR inhibitors. Chang and Zhang
(2009) conducted a comparison study using Phenol-Chloroform extraction method as one
of six other methods of extracting DNA. The results of this study show that using higher
quality commercial kits are more effective for DNA extraction than using the PhenolChloroform method. A higher quantity of DNA was recovered from the use of the
commercial kits than using the phenol-chloroform method. The results of the study
conducted by Chang et al. (2009) are similar to the results from the study conducted by
Brevnov et al. (2009) proving that a higher quantity of DNA was recovered using
commercial DNA extraction kits.
However, inhibition tests done by Davoren et al. (2007) showed there were lower
levels of PCR inhibitors in DNA isolated using the Phenol-Chloroform method than the
silica based method. This is in contrast to the results obtained by Chang, et al. (2009) and
Brevnov, et al. (2008). A partial profile, reduced product yield, a complete failure, and a
specific locus dropout are common ways to detect that the presence of PCR inhibitors in
the sample.
A validation study was conducted by Fregeau, Lett, and Foumey (2009) to test the
Promega DNA IQ System DNA extraction process using the TECAN Genesis 150/8 and
Freedom EVO robotic liquid handling stations configured with fixed tips and a TECAN
TE-Shake unit against the organic extraction method. The purpose of this study was to
test the reliability and limitations of this shaker-based process and to support the
continued use of robotics for the processing of casework samples. Animal and human

13

blood mixtures that were contaminated with soil were extracted using the TECAN system
and the organic extraction method. Consistent DNA yields were obtained using the
TECAN robotic workstations and the amounts of DNA recovered were not significantly
different than that of the manual phenol/chloroform extraction. The researchers of this
experiment compared their results to similar studies, finding that the samples that
contained soil yielded equal or greater amounts of DNA using the shaker-based
extraction to those observed with the organic extraction method.
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CHAPTER III
MATERIALS AND METHODS
Sample Preparation
Appropriate Institutional Review Board (IRB) approval was obtained for the
collection of human blood samples. Two whole blood samples were obtained from Forest
General Hospital, one from a male volunteer and one from a female volunteer. Whole
blood from the two anonymous donors was deposited separately onto Whatman # lfilter
paper in duplicates with quantities of 1, 2, 5, and 10µ1. A dilution was made by mixing
equal parts of diH20 and liquid bleach. Approximately five drops of the diluted bleach
solution was dropped onto all eight of the blood stained preparations and allowed to air
dry for sixty minutes. Once the bleach treated samples were completely dry, they were
packaged in separate labeled paper envelopes, sealed, and stored at 4°C until used. O.lg
of soil was weighed in small weighing trays and the specified amounts of blood were
transferred onto the soil in each tray. The entire O. lg of soil treated blood was used in the
extraction process. The pH of the soil was found to be slightly acidic with a pH value of
6.14. Wood from a tree limb was shaved and weighed out to O.lg. The specified
amounts of blood was transferred onto the wood shavings and allowed to dry. Each
portions of wood treated blood were used in the extraction. The Promega DNA IQ
System, the ABI PrepFiler DNA extraction kit and the organic extraction technique were
used to perform DNA extractions on blood samples that were untreated and on samples
that were treated with bleach, soil, and wood. The DNA extractions were conducted
according to the protocols described below.
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DNA extraction using AB/ PrepFiler™ Forensic DNA Extraction Kit

Materials provided with the PrepFiler Forensic DNA Extraction Kit:
PrepFiler Lysis Buffer
PrepFiler Isopropanol
PrepFiler Magnetic Particles
PrepFiler Wash Buffer Concentrate
PrepFiler Eluti~n Buffer
PrepFiler Filter Columns
PrepFiler Spin Tubes
Required materials and instruments:
Pipettors
Aerosol resistant micropipette tips
Microcentrifuge capable of 16, 110 x g
Vortexer
DL-Dithiothreitol
RNase-free microcentrifuge tubes (1.5 mL)
Thermal shaker or heat block
Laboratory shaker for microcentrifuge tubes
Ethanol
6 tube magnetic stand
Standard DNA Extraction protocol according to ABI PrepFiler user guide:
Step 1 of the protocol is to prepare the necessary reagents. Incubate the PrepFiler
magnetic particles tube at 37°C for 30 minutes, vortex the tube for five seconds, then
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centrifuge briefly. Measure 60 mL of freshly-opened isopropanol, and add to the empty
isopropanol bottle. Measure 74 mL of freshly-opened ethanol, and add to one of the
wash buffer concentrate bottles. Prepare and freeze aliquots of 1.0 M solution of DLDithiothreitol (DTT) in a DNA-free water. Dissolve 1.54 g of Dithiothreitol (DTT, MW
154) in 10 mL of molecular-biology grade DNA-free water. Prepare aliquots of the
desired volume then store the aliquots at -20°C. Prepare reagents before each assay. If the
lysis buffer contains precipitate, heat the solution to 37°C, then vortex the bottle for five
seconds.
Step 2 of the protocol is to perform lysis. Bring the thermal shaker or heat block
temperature to 70°C. Place a sample in a PrepFiler spin tube. Add 300µ1 of PrepFiler
lysis buffer and 3µ1 of 1.0 M DTT. Cap the tube, vortex for five seconds, and then
centrifuge briefly. Place the tube in a thermal shaker, and incubate at 70°C and 900 rpm
for 40 minutes. Overnight incubation is not recommended due to the potential to degrade
DNA.

Step 3 of the protocol is to remove the substrate from sample lysate. Centrifuge
the sample tube for two seconds to collect the condensate from the tube cap. Insert a
PrepFiler filter column into a new 1.5 mL PrepFiler spin tube; carefully transfer the
sample tube contents into the filter column. Cap the filter column/spin tube, and then
centrifuge at 14,000 rpm for two minutes. Check the volume of sample lysate collected
in the spin tube. If the volume is less than 180µ1 then centrifuge for two more minutes at
14,000 rpm. Remove the filter column from the spin tube, and then properly dispose of
the filter column.
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Step 4 of the protocol is to bind genomic DNA to magnetic particles. Allow the
sample lysate to come to room temperature. Vortex the PrepFiler magnetic particles tube
for approximately five seconds, invert the tube to confirm that no visible pellet remains in
the bottom of the tube, then centrifuge briefly. Pipette 15µ1 of the magnetic particles into
the tube containing the sample lysate. Cap the sample lysate tube, vortex at low speed
(500 -1,200 rpm) for 10 seconds then centrifuge briefly. Add 180µ1 isopropanol to the
sample lysate tube. Cap the sample lysate tube, vortex it at low speed. Place the sample
lysate tube in a shaker or on a vortexer and mix.
Step 5 is to wash the bound DNA. Vortex the sample DNA tube; if there are
magnetic particles present on the sides of the sample DNA tube above the meniscus,
invert the tube to resuspend the particles. Vortex the sample DNA tube at maximum
speed (approximately 10,000 rpm) for 10 seconds, then centrifuge briefly. Confirm that
the magnet in the stand is properly aligned. Place the sample DNA in the magnetic stand
until the size of the pellet stops increasing (approximately one to two minutes). With the
sample DNA tube remaining in the magnetic stand, use a pipette to carefully remove and
discard all visible liquid phase. Steps a through e are repeated three times:
(a) Add 300µ1 of prepared PrepFiler wash buffer to the sample DNA tube.
(b) Cap the sample DNA tube and remove the tube from the magnetic stand.
(c) Vortex the sample DNA tube at maximum speed (approximately 10,000 rpm)
until there is no visible magnetic particle pellet on the side of the tube
(approximately five seconds), then centrifuge briefly.
(d) Place the sample DNA tube in the magnetic stand for 30 to 60 seconds.
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(e) With the sample DNA tube remaining in the magnetic stand, use a pipette to
carefully remove and discard all visible liquid phase.
With the sample DNA tube remaining in the magnetic stand, open the tube, and then airdry the magnetic particle-bound DNA for seven to ten minutes.
Step 6 is to elute the bound DNA. Bring the thermal shaker or heat block
temperature to 70°C. Add 50µ1 of PrepFiler elution buffer to the sample DNA tube. Cap
the sample DNA tube, vortex it at maximum speed (approximately 10,000 rpm) until
there is no visible magnetic particle pellet on the side of the tube, approximately five
seconds), then centrifuge briefly. Place the sample DNA tube in a thermal shaker, and
then incubate at 70°C and 900 rpm for five minutes. Vortex the sample DNA tube at
maximum speed (approximately 10,000 rpm) until there is no visible magnetic particle
pellet on the side of the tube (approximately two seconds), then centrifuge briefly. Place
the sample DNA tube in the magnetic stand until the size of the pellet at the side of the
tube stops increasing (at least one minute). Remove the aqueous portion (DNA) of the
tube without disturbing the magnetic pellet. Place the DNA in a labeled microcentrifuge
tube and store in a -20°C freezer.

AB/ PrepFiler™ supplementary protocol for blood/soil mixture (up to 50 mg blood/soil
mixture)
Prepare reagents as directed in step one of the previous protocol. Place
approximately 50 mg of the blood/soil mixture in a 1.5-mL microcentrifuge tube. Add
100µ1 of lX phosphate-buffered saline (PBS) to the tube. Close the tube, vortex for 10
seconds, and centrifuge for 30 seconds. Transfer approximately 70µ1 of clear supernatant
(free of residual soil) to a new 1.5-mL microcentrifuge tube. Bring the thermal shaker or
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heat block temperature to 70°C. Add 500µ1 of PrepFiler lysis buffer. Cap the tube,
vortex for five seconds, and then centrifuge briefly. Place the tube in a thermal shaker or
heat block and incubate at 70°C and 900 rpm for 30 minutes. Centrifuge the tube at
maximum speed (16,000g) for five minutes. Transfer the clear (free of residual soil)
supernatant to a new 1.5-mL microcentrifuge tube. Allow the sample lysate to come to
room temperature. Vortex the PrepFiler magnetic particles tube approximately five
seconds, invert the tube to confirm that no visible pellet remains in the bottom of the
tube, then centrifuge briefly. Pipette 20µ1 of magnetic particles into the tube containing
the sample lysat.~. Cap the sample lysate tube, vortex at low speed for 10 seconds, and
centrifuge briefly. Add 300µ1 of Isopropanol to the sample lysate tube. Cap the sample
lysate tube, vortex at low speed for five seconds, and centrifuge briefly.
DNA extraction using Promega DNA IQ System

Materials provided with the DNA IQ System:
(Yields approx. 100 samples)
0.9ml Resin
40ml lysis buffer
30ml 2X wash buffer
15ml elution buffer
Other required materials and instruments:
95-100% ethanol
Isopropyl alcohol
65°C heat block, water bath or thermal cycler
70°C heat block, water bath, or thermal cycler
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Vortex mixer
Microcentrifuge tubes, 1.5ml
DNA IQ spin baskets
Aerosol-resistant pipette tips
MagneSphere technology magnetic separation stand
lMDTT
Nuclease-free water
Disposable gloves

Standard protocol according to the Promega DNA IQ™ System 's technical bulletin
Step 1: Preparations of reagents

IX Wash Buffer
For DC6701 kit ( 100 samples) add 15ml of 95-100% ethanol and 15ml of isopropyl
alcohol to the 2X wash buffer. Replace cap, and mix by inverting several times. Mark
label to record the addition of alcohols. Label bottle as IX wash buffer and store at room
temperature. Be sure bottle is closed tightly to prevent evaporation. Mix by inverting
several times. Add I µI of lM DTT for every 100µ1 of lysis buffer (see Table 1). Mark
and date label to record the addition of DTT. This solution can be stored at room
temperature for up to a month if sealed.

Lysis Buffer
Determine the total volume of prepared lysis buffer to be used and add lµl of lM DTT
for every 100µ1 of lysis buffer. The amount of the lysis buffer l and 2 that is required for
each sample extraction is listed in Table 1.
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Table 1

The amount of lysis buffers required.for each sample DNA extraction

Sample
2-4 mm punch

Lysis buffer 1

Lysis buffer 2

Total volume

150µ1

100µ1

250µ1

lMDTT
Dissolve 5g of DTT in nuclease-free water so that the final volume is 32.4ml.
The final concentration of DTT will be lM. Dispense the DTT into smaller aliquots that
reflect usage and freeze at -20°C.

Step 2: DNA Isolation.from blood stains
Place the appropriate amount of sample in a 1.5ml microcentrifuge tube. Add the
appropriate volume of prepared lysis buffer (150 µl) as described in Table 1. Close the
lid, and incubate the tube at 70°C for 30 minutes. Remove the tube from the heat source,
and transfer the prepared lysis buffer and sample to a DNA IQ™ spin basket seated in a
1.5ml microcentrifuge tube. Centrifuge at room temperature for two minutes at
14,000rpm in a microcentrifuge. Remove the spin basket. Vortex the stock resin bottle
for 10 seconds at high speed or until resin is thoroughly mixed. Add 7µ1 of DNA JQTM
Resin to the sample. Vortex the sample/lysis buffer/resin mixture for three seconds at
high speed. Incubate at room temperature for five minutes. Vortex mixture for three
seconds once every minute during this five-minute incubation. Vortex tube for two
seconds at high speed. Place tube in the magnetic stand. Separation will occur instantly.
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Carefully remove and discard all of the solution without disturbing the resin pellet on the
side of the tube.
Add 100µ1 of prepared lysis buffer to the tube. Remove the tube from the magnetic stand
and vortex for two seconds at high speed. Return tube to the magnetic stand and discard
all lysis buffer. Add 100µ1 of prepared lX wash buffer. Remove tube from the magnetic
stand and vortex for two seconds at high speed. Return tube to the magnetic stand and
discard all wash buffer. Repeat washings two more times with the wash buffer for a total
of three wa<,hes. Be sure that all of the solution has been removed after the last wash.
With the tube in the magnetic stand and the lid open, air-dry the resin for five minutes.
Do not dry for more than 20 minutes, as this may inhibit removal of DNA. Add 100µ1 of
elution buffer. Close the lid and vortex the tube for two seconds at high speed. Incubate
the tube at 65°C for five minutes. Remove the tube from the heat source, and v01tex for
two seconds at high speed. Immediately place the tube on the magnetic stand. Tubes
must remain hot until placed in the magnetic stand or yield will decrease. Carefully
transfer the DNA-containing solution to a 1.5 ml microcentrifuge tube.
Organic Extraction
Materials:
Sodium dodecyl sulfate (SDS)
EDTA
Proteinase K
TE buffer
Centrifuge
Vortex
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Amicon/Microcon 50
Microtubes, 1.5ml
Protocol Place the entire bloodstain in a 1.5 ml microcentrifuge tube. To the sample add:

400 µl stain extraction buffer and 10 µl Proteinase K solution (20 mg/ml). Vortex on low
speed for one second and spin in a microcentrifuge for two seconds to force the cutting
into the extraction fluid. Incubate the tube at 56°C overnight. Spin in a microcentrifuge
for two seconds to force condensate into bottom of the tube. Using a wooden applicator
stick, transfer the cutting into a Spin-X basket insert. Place the basket insert into the tube
containi'ng the stain extract. Spin in a microcentrifuge for five minutes. Remove and
discard the basket insert plus cutting into a container suitable for biohazardous materials.
In a fume hood, add 500 µl Phenol/Chlorofonn/Isoamyl alcohol to the stain extract.
Vortex (low speed) the mixture briefly to attain a milky emulsion. Spin the tube in a
microcentrifuge for five minutes. Transfer the aqueous phase from the tube to a
microcon 50 concentrator. Avoid pipetting organic solvent from the tube into the
concentrator. Place the cap on the concentrator and spin in a microcentrifuge at 10,000
rpm for 15 minutes. Wash the sample two more times with 0.5 ml of TE. Carefully
remove the concentrator from the assembly. Invert the concentrator cup into the sample
collection vial and spin at 5000 rpm for three minutes. Collect the sample and store at
4°C. Estimate the quantity of DNA in the sample by Agarose gel and by real time PCR
system.
DNA Quantitation

ABI Quantifiler™ DNA quantitation protocol. Label eight microcentrifuge tubes.
Dispense the required amount of TE buffer to each tube as described in Table 2. Prepare
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Standard 1: Vortex the Quantifiler™ Human DNA Standard 3-5 seconds. Using a new
pipette tip, add the calculated amount of Quantifiler™ Human DNA Standard to the tube
for Std 1 as specified in Table 2. Vortex the dilution briefly, quick-spin the tube after
vortexing. Prepare subsequent standards as described in Table 3. Using a new pipette tip
for each standard, add the calculated amount of the previously prepared standard in the
series to the next standard. Vortex and centrifuge as necessary. Continue until all
standards represented in the table are complete.
Table 2

Preparation of Human DNA Quantitation standard for Quantifiler assay

Std

TE (µl)

DNA

Action

1

30

10 µl from kit

Vortex & spin

2

20

10 µl from Std 1

Vortex & spin

3

20

10 µl from Std 2

Vortex & spin

4

20

10 µl from Std 3

Vortex & spin

5

20

10 µl from Std 4

Vortex & spin

6

20

10 µl from Std 5

Vortex & spin

7

20

10 µl from Std 6

Vortex & spin

8

20

10 µl from Std 7

Vortex & spin
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Prepare the master mix to be included in all reaction tubes. Calculate the volume
of each component needed to prepare the total number of reactions to be performed,
using the following table. Add two additional reactions to account for the volume loss
that occurs during reagent transfers.
Table 3

Quantifiler™ master mix reagent preparation

Component

Volume per Reaction (µl)

Quantifiler TM Human Primer Mix

10.5

Quantifiler TM PCR Reaction Mix

12.5

Preparation of reagents
Thaw the primer mix completely and then vortex for three to five seconds.
Centrifuge briefly. Swirl the Quantifiler™ PCR reaction mix gently before using. Do
not vortex it. Pipette the required volumes of each component into an appropriately sized
tube. Vortex the PCR master mix three to five seconds, then centrifuge briefly. Dispense
23 µl of the PCR master mix into each reaction well. Standards must be run in duplicate
for each assay. Add two µl of sample or quantitation standard to the appropriate sample
wells. Seal the reaction plate with the optical adhesive cover. Centrifuge the plate at
3,000 rpm for about 10 seconds in a tabletop centrifuge with plate holders to remove any
bubbles. Load the plate in the 9500 real time PCR instrument with Well Al in the upper
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left comer and the notched comer is in the upper right comer. Start the SOS software by
double clicking on the program shortcut found on the computer desktop, and create a
plate document. Select File > New from the SOS program. From the Template dropdown, select the human Quantifiler™ template (HQ Template). Select each sample well
that will be used, and select View> Well Inspector. Name your samples and standards as
appropriate and save the file. Select the "Instrument" tab and select "Start." Discard the
reaction plate upon completion of quantitation and tum off the instrument. The threshold
cycle (Ct) values of the standard data points used in the generation of the standard curve
should be evaluated to assess the accuracy of the quantitation.
DNA Amplification
AB/ AmpflSTR ldentifiler protocol. PCR Equipment and Materials
GeneAmp® PCR system 9700
Microcentrifuge
Pipettors
Vortex
Required Materials:
MicroAmp® 96 Well Trays for Tubes with Caps
MicroAmp Reaction Tubes with Caps, 0.2-mL
MicroAmp 96-Well Base
Microcentrifuge tubes, 2.0-mL
Pipet tips, aerosol resistant, sterile
Tape, labeling
Tube decapper, autoclavable
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Deionized water, PCR grade
Preparation of Reagents
Master Mix
Prepare the master mix by combining AmpFlSTR® PCR reaction mix, AmpliTaq Gold®
DNA Polymerase and AmpFlSTR® ldentifiler™ Primer Set reagents.
To prepare the master mix
Determine the total number of samples, including controls. Vortex the following
reagents for five seconds: AmpFlSTR PCR reaction mix, AmpliTaq Gold DNA
Polymerase, and AmpFlSTRldentifiler primer set. Spin the tubes briefly in a
microcentrifuge to remove any liquid from the caps. Calculate the required amount of
components as shown:
Number of samples X 10.5 µl of AmpFlSTR PCR reaction mix
Number of samples X 0.5 µl of AmpliTaq Gold DNA Polymerase
Number of samples X 5.5 µl of AmpFlSTRidentifiler primer set
Vortex the master mix at medium speed for five seconds. Dispense 15 µl of master mix
per PCR tube.
Preparing the DNA Samples:
DNA Sample Input: DNA amplification with the AmpFlSTR® Identifiler™ kit requires
10 µl of DNA at a recommended concentration of 0.1 ng/µl and a final reaction volume
of 25 µl. Alternatively the DNA quantity used may be reduced to half and the reaction
volume can be reduced to 12.5 µl. Vortex the AinpFlSTR® Control DNA 9947A tube
(0.10 ng/µl). Spin the tube briefly in a microcentrifuge to remove any liquid from the

28

cap. Add 10 µl (1 ng) of AmpFlSTR Control DNA 9947A to the Positive Control tube.
Use 10 µl of TE for negative controls.
Amplifying the DNA:
Program the thermal cycler as follows :
Initial incubation step: Hold at 95°C for 11 minutes
Thermal cycling:
Denature at 94 °C for one minute
Anneal at 59°C for 1 minute
Extend at 72°C for 1 minute
Total number of cycles = 29
Hold final extension at 60°C for 60 minutes
Hold final step at 4 °C forever
Place the tray in the thermal cycler and close the heated cover. Start the thermal cycler
and run the above program. Remove the tubes from the instrument block after the PCR is
completed and store the amplified DNA at 4°C until analysis.
Detection of the Amplicons using AB/ 310 Genetic Analyzer
After PCR, the fluorescently labeled Short Tandem Repeat (STR) alleles were detected
and separated by capillary electrophoresis (CE). CE was performed using the ABI 310
Genetic Analyzer. CE involves the use of a narrow capillary (50µ ID) filled with a
polymer solution to perform the DNA size separation. The polymer used for the allelic
separation was Performance Optimized Polymer (POP-4™). All Amplicons (1.5µ1) were
mixed with 24 µl of formamide and 0.5 µl of genescan LIZ size standard. The samples
were denatured at 94 °C for three minutes and chilled in ice for five minutes and loaded in
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the 310 autosampler. Preset run conditions were used for all samples. The DNA profile
data was analyzed with Genemapper ID software version 3.1. Comparisons of STR
results obtained from untreated DNA samples against results obtained from the treated
experimental samples were performed to assess the DNA quality. The possible results
that could indicate the presence of inhibitors are allelic drop out, partial STR profile, or a
complete failure to identify any alleles.
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CHAPTER IV
ANALYSIS OF DATA
All the extracted DNA samples were run on a 1% agarose gel in order to detect
the presence of samples, estimate the quantity, and determine the quality of DNA in each
sample. One µl of a 1Kb ladder was used in each gel for size determination and
quantitation along with two µl of each sample. The electrophoresis was carried out at
120V for 20 minutes. The gel was stained in a diluted ethidium bromide solution for 10
minutes, analyzed and recorded under a UV transilluminator. The following Figures one
through six show the DNA quantity and quality of extracted samples using the different
extraction methods employed in this study. Figure 1 shows the extracted DNA using the
PrepFiler kit method and appears as a very faint smear possibly because of some
degradation and DNA fragments that are too small to be visible on this type of gel.

Figure 1. DNA recovered from blood samples from PrepFiler untreated experiment.
Lane l.lKb ladder; lanes 2 and 6: lµl blood; lanes 3 and 7: 2µ1 blood; lanes 4 and 8: 5 µl
blood; lanes 5 and 9: 10 µl blood.
Figure 2 shows the DNA recovered from untreated blood samples using the
organic extraction method. All samples extracted contained the DNA with both high
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molecular weight and degraded DNA. The degraded DNA can be seen as a smear in all
the samples.

Figure 2. DNA recovered from untreated blood samples using the organic extraction
method. 2 µl DNA was loaded in each lane. Lane 1: lKb ladder; lanes 3 and 7: 1 µl of
blood; lanes 4 and 8: 2 µl of blood; lanes 5 and 9: 5 µl of blood; lanes 2, 6 and 10: 10 µl
of blood.

Figure 3 shows the DNA recovered from untreated blood samples using the DNA
IQ system. The quantity of the DNA recovered using this method is considerably low
compared to the organic extraction methods. This is due to the fact that the DNA IQ
system is designed to extract DNA quickly from small case work samples.

Figure 3. Gel image showing the DNA recovered from untreated blood samples using
the DNA IQ system. Lane 1: lKb ladder; lanes 2 and 6: 1 µl blood; lanes 3 and 7: 2 µl
blood; lanes 4 and 8: 5 µl blood; lanes 5 and 9: 10 µl blood.
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Figure 4 shows the DNA recovered from blood samples treated with wood and
extracted using PrepFiler extraction kit. The gel image does not show the presence of
any DNA from all the four volumes of blood used for extraction.

Figure 4. Gel image showing DNA extracted from blood treated with wood and
extracted using PrepFiler extraction kit. No visible DNA is seen in the gel.

Figure 5 shows the DNA recovered from blood samples treated with bleach and
extracted using the organic extraction method. All samples contained visible DNA in the
gel and contained both high molecular and degraded DNA.

Figure 5. Gel image showing the DNA recovered from blood samples treated with
bleach and extracted using organic extraction method. Lane 1: lKb ladder; lanes 2 and 6:
1 µl blood; lanes 3 and 7: 2 µl blood; lanes 4 and 8: 5 µl blood; lanes 5 and 9: 10 µl
blood; lane 10: reagent blank.
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Figure 6 shows the DNA recovered from samples treated with soil and extracted
using DNA IQ System extraction kit. No visible DNA is present in all the samples
treated with soil in this experiment.

Figure 6. Gel image showing the DNA recovered from blood samples treated with soil
and extracted using DNA IQ system extraction kit. Lane 1: lKb ladder; lanes 2 and 6: 1
µl blood; lanes 3 and 7: 2 µl blood; lanes 4 and 8: 5 µl blood; lanes 5 and 9: 10 µl blood;
lane 10: reagent blank.
Untreated Samples and DNA Recovery
The ABI PrepFiler DNA extraction kit used in this experiment was able to
recover most DNA from the untreated samples compared to the Promega DNA IQ system
DNA extraction kit and the organic DNA extraction methods. The highest total amount
of DNA recovered using the PrepFiler kit was 273 ng, followed by the organic extraction
method that yielded 173 ng total DNA. The Promega DNA IQ system recovered a total
of 71 ng of total DNA. The low recovery of DNA from the Promega IQ system was not
surprising since this kit is designed to recover DNA quickly from small samples of
forensic value. Ten µl of blood was used for all the three extraction methods (Figure 7,
Table 4).
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Figure 7. DNA recovered from 10 µl of untreated blood samples using all three
extraction methods.

Table 4
Total DNA (ng) recovered from untreated samples of varying quantities using all three
extraction methods

Total vol. of blood (µl)

DNA IQ System

Organic

PrepFiler

1

24

14.5

30.1

2

44.1

27.2

95

5

65.03

81.05

205.2

10

71

173.3

273
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DNA recovery from blood samples treated with various contaminants:
Soil treated samples. Figure 8 and Table 5 shows the recovery of total DNA from
blood samples treated with soil. The PrepFiler kit recovered more DNA than the organic
extraction method for
There was no DNA
recovered
. . all the soil treated blood samples.
.
.
for the soil-treated samples using the organic extraction method. However, the DNA IQ
system recovered the most amount of DNA from the soil treated blood samples than both
the PrepFiler, and the organic extraction methods.

Soil Treated

-

35

l...

25

l:)l)

C 30
._.,
Q,j

CJ

20

<
z

10

Q

~ 15

-.s
Q

~

5

-

DNAIQ

-

Organic

-

PrepFiler

0
lul

5ul
lOul
2ul
Blood used for extraction

Figure 8. Total DNA recovery from soil treated samples for all three extraction methods.
Table 5

Total DNA (ng) recovered from soil treated samples using all three extraction methods

Vol. of blood for extraction (µl)

DNA IQ System

Organic

PrepFiler

1

3.81

0

0.146

2

8.88

0

0.36
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Table 5 (continued).

Vol. of blood for extraction (µl)

DNA IQ System

Organic

PrepFiler

5

13.53

0

2.933

10

31.26

0

8.72

Bleach treated samples.
Table 6 and Figure 9 show the recovery of total DNA from blood samples treated
with bleach. The organic extraction method recovered the most amount of DNA ( 135 ng)
from 10 µl of blood sample followed by the PrepFiler DNA extraction kit (74 ng). The
DNA IQ system recovered the least amount of DNA using 10 µl of blood sample with a
recovery of 52 ng of DNA.
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37

Table 6
Total DNA (ng) recovery from samples treated with bleach

Vol. of blood for extraction (µl)

DNA IQ System

Organic

PrepFiler

1

4.03

7.63

0.82

2

10.21

9.6

3.04

5

46.01

50.6

18.3

10

52.19

135.34

74.59

Wood treated samples.
The organic extraction method recovered no DNA from all the four sample
volumes tested. There were no visible wood shavings remaining in the extraction tube;
however, the sample retained a reddish-brown color after several washings. This is due
to the extraction of the contaminants or other soluble material from wood. The overall
recovery of DNA from all the samples remained below 12 ng when the DNA IQ system
and the PrepFiler extraction kit were used, which was very low compared to other
samples treated with bleach and soil. No DNA was recovered from the wood treated
samples using the organic extraction method. (Figure 10, Table 7)
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Figure 10. Total DNA recovered from wood treated samples
Table 7

Total DNA (ng) recovery from wood treated samples

Vol. of blood for extraction (µl)

DNA IQ System

Organic

PrepFiler

1

0.59

0

5.27

2

1.36

0

12.18

5

3.09

0

11.5

10

7.38

0

11.88

DNA recovery from samples using the DNA IQ system.
Comparison was made on the efficiency of DNA recovery from all the three sets
of treated samples with those of the untreated samples. The DNA recovered from all the
four volumes of untreated blood samples remained higher when compared to the DNA
recovered from the treated samples with the same volume sizes. The untreated samples

39

recovered 71 ng of total DNA from 10 µl of blood while the wood treated samples
yielded the lowest quantity of 7ng from the same size of samples. On the other hand, the
soil treated samples yielded a total DNA of 31 ng and the bleach treated samples yielded
52 ng. This suggests that the contaminants present on the substrates of the blood samples
influence the recovery of DNA if the DNA IQ system is used. Figure 11 and Table 8 lists
all the DNA quantities recovered from the different volumes of blood and well as the
different contaminants used for this study.
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Figure 11. DNA extracted from treated and untreated samples using the DNA IQ system.
Table 8
Total DNA (ng) recovered using DNA IQ system for all treated and untreated samples

Vol. of blood for extraction (µl)

Soil

Bleach

1

3.81

4.03

Wood

24

40
Table 8 (continued).

Vol. of blood for extraction (µl)

Soil

Bleach

Wood

2

8.88

10.21

44.1

5

13.53

3.09

65.03

10

31 .26

7.38

71

DNA recovery from samples using the organic DNA extraction method.
The DNA recovered from the treated and untreated samples using the organic
extraction method is given in Figure 12, and Table 9. There was no DNA recovered from
the soil and wood treated samples for all the four sample volumes tested. This could be
due to the fact that the soil and wood either degraded the DNA or the co-purification of
the soil inhibited the DNA quantitation process. The DNA sample color remained dark
brown and traces of the soil were present even after several washings in the soil treated
samples. The samples treated with bleach yielded the highest quantity of DNA with
135ng yield from 10 µl of blood. This phenomenon was also observed in the other two
sets of bleach treated samples that were extracted with PrepFiler and DNAIQ system
compared to the soil and wood treated samples.
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Figure 12. DNA recovery from treated and untreated samples extracted using organic
extraction method.
Table 9

Total DNA (ng) recovered using organic extraction for all treated and untreated samples

Vol. of blood for extraction (µl)

Soil

Bleach

Wood

Untreated

1

0

7.63

0

14.5

2

0

9.6

0

27.2

5

0

50.6

0

81.05

10

0

135.34

0

173.3

DNA recovery from samples using the AB/ PrepFiler DNA extraction method.
The DNA recovered from the treated and untreated blood samples using the ABI
PrepFiler kit is shown in Figure 13 and Table 10. The DNA recovery of the untreated
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samples using the PrepFiler kit was 273 ng using 10µ1 of whole blood and this is the
highest recovery compared to other methods using the same sample size. The soil and
wood treated samples yielded only 9 and 12 ng of DNA respectively from 10 µI of whole
blood. This is possibly due to the fact that the contaminants in soil and wood are coextracted with DNA and inhibited the quantitative PCR or the DNA may have been
degraded by the contaminants. On the other hand, the samples treated with bleach
yielded a better recovery of DNA compared to samples treated with soil and wood. The
bleach treated samples yielded a recovery of 75 ng of DNA from 10 µI of whole blood.
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Figure 13. DNA recovery of treated and untreated samples extracted using the PrepFiler
extraction method.

Table 10
Total DNA (ng) recovered using the PrepFiler Extraction kit f or all treated and untreated
samples

Vol. of blood for extraction (µI)

Soil

Bleach

Wood

Untreated

..,
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Table 10 (continued).

Vol. of blood for extraction (µl)

Soil

Bleach

Wood

Untreated

1

0.146

0.82

5.27

30.1

2

0.36

3.04

12.18

95

5

2.933

18.39

11.5

205.2

10

8.72

74.59

11 .88

273

Detection of the Amplicons using AB/ 310 Genetic Analyzer.

After PCR, the fluorescently labeled Short Tandem Repeat (STR) alleles were
detected and separated by capillary electrophoresis (CE) as described in the materials
section. The collected raw data were analyzed using the Genemapper ID software
version 3.1. The final results are displayed in the form of an electropherogram. The
electropherogram contain a series of peaks that correspond to the various sizes (bp) of
STR alleles of the amplified DNA. Comparisons of results obtained from pristine DNA
samples against results obtained from the experimental samples were performed to assess
the DNA quality. The possible results that could indicate the presence of potential
inhibitors are a partial STR profile, allele drop-out or a complete loss of a genetic profile.
The genotype data obtained for the various treated and untreated samples are given in
Figures 14-25.
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100

Figure 14. Complete and clean male DNA profile obtained from DNA recovered from
an untreated sample using the DNA IQ system. 0.5 ng of template DNA was used to
amplify the 15 STR loci using the ABI Identifiler kit.
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Figure 15. Complete and clean male DNA profile obtained from DNA recovered from
an untreated sample extracted using the organic extraction method. 0.5 ng of template
DNA was used to amplify 15 STR loci using the ABI Identifiler kit.
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Figure 16. Complete and clean male DNA profile obtained from DNA recovered from
an untreated sample extracted using the PrepFiler DNA extraction kit. 0.5 ng of template
DNA was used to amplify 15 STR loci using the ABI ldentifiler kit.
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Figure 17. Partial female DNA profile obtained from DNA recovered from a soil treated
sample extracted using the PrepFiler DNA extraction kit. 0.7 ng of template DNA was
used to amplify the 15 STR loci using the ABI ldentifiler kit.
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Figure 18. Complete and clean male DNA profile obtained from DNA recovered from a
bleach treated sample extracted using the PrepFiler DNA extraction kit. 0.6 ng of
template DNA was used to amplify the 15 STR loci using the ABI ldentifiler kit.
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Figure 19. Complete failure of amplification, possibly due to inhibitors in DNA obtained
from a wood treated sample extracted using the PrepFiler DNA extraction kit. 0.5 ng of
template DNA was used to amplify 15 loci using the ABI ldentifiler kit.
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Figure 20. Complete failure of amplification, possibly due to inhibitors or low quantity
DNA recovered from a soil treated sample extracted using the organic extraction method.
No measurable amount of template DNA was detected in quantitation.
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Figure 21. Complete and clean female DNA profile obtained from DNA recovered from
a bleach treated sample extracted using the organic extraction method. 0.6 ng of template
DNA was used to amplify the 15 STR markers using the ABI ldentifiler kit.
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Figure 22. Complete failure of amplification, possibly due to inhibitors, obtained from a
wood treated sample extracted using the organic DNA extraction method. No
measurable amount of template DNA was detected in quantitation.
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Figure 23. Complete and clean male DNA profile obtained from DNA recovered from a
soil treated sample extracted using the DNA IQ system extraction kit. 0.4 ng of template
DNA used to amplify 15 loci using the ABI l dentifiler kit.
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Figure 24. Complete female DNA profile obtained from DNA recovered from a bleach
treated sample extracted using the DNA IQ system DNA extraction kit. 0.4 ng of
template DNA was used to amplify the 15 STR markers using the Identifiler human
identification kit.
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Figure 25. Complete and clean male DNA profile obtained from DNA recovered from a
wood treated sample extracted using the DNA IQ system DNA extraction kit. 0.2 ng of
template DNA was used to amplify the 15 STR loci using the ABI ldentifiler kit.
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CHAPTERV
DISCUSSION
The first step in the determination of a perpetrator of a crime using DNA profiling
is obtaining good quality DNA. The quality of DNA recovered from evidentiary items is
of paramount importance in the downstream processing in forensic case work. DNA that
contains inhibitors is found to fail in the generation of an interpretable profile in criminal
cases and other situations. In order to obtain an interpretable genetic profile one must
have good quality DNA to start with. This can be achieved by one of the several
extraction techniques available. When the evidentiary body fluid samples are collected
from the crime scene, they may be found on materials such as soil, dry wall, concrete,
wood, paint, carpet, blue denim etc. The substrate on which the body fluid is located may
contain chemicals or other substances that may co-extract with DNA during the DNA
extraction process. It has been already proven that such co-extracted material affect the
downstream processing in DNA profiling (Oorschot, Ballantyne, & Mitchell, 2010).
There are several extraction methods available today to extract DNA from
evidentiary body fluid. The organic extraction method, that involves the use of organic
solvents such as phenol and chloroform has been used by forensic scientists for several
decades and is still used in laboratories today. This method has been found to provide
good quality and quantity of DNA from a variety of body fluids, such as blood, saliva,
buccal swabs, hair, tissues and semen. It is also cost effective due to the option to
purchase the reagents and materials in larger quantities. The organic extraction method
works well to remove inhibitors under certain circumstances. However, research has
shown that the phenol and chloroform used in this extraction method is hazardous
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("Material Safety Data Sheet," 2010). The chloroform has a strong sweet smelling odor
and is toxic when inhaled. Chloroform has been shown to cause oral cancer in lab
animals and central nervous system depression in human after acute exposure ("Chemical
Abstract Service," 1979). Even though this method has been routinely used in many
laboratories, the organic extraction is not automatable and is time consuming with
prolonged incubation period. Also there is the issue of properly disposing of the
hazardous chemicals after usage. In order to alleviate these disadvantages that are
associated with the organic extraction method, several commercial kits have been
developed that use chemicals that are not hazardous unlike the phenol and chloroform.

Untreated samples and DNA recovery. The untreated samples that were extracted
by the DNA IQ system, the organic extraction, and the PrepFiler extraction system
yielded a total DNA quantity of 71, 173, and 273 ng respectively from 10 µl of whole
blood samples. The low recovery of the DNA IQ system is expected due to the nature of
this kit that it is designed for quicker DNA extraction from small case work samples. On
the other hand the PrepFiler DNA extraction system yielded the most DNA compared to
the other two procedures namely, the organic extraction and DNA IQ system. Even
though the DNA recovery varied between these three extraction methods, all three
techniques yielded DNA that were pure and uninhibited. This was shown by the
Identifiler results where a complete and clean genetic profile was obtained from <lng of
template genomic DNA (Figures 14-16).

Soil treated samples and DNA recovery. The samples that were treated with soil
showed a considerable amount of difference in the DNA yield compared to the untreated
samples for each kit. The soil treated samples that were extracted by the DNA IQ system
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produced a purer DNA yield of over 30 ng while the PrepFiler extraction system yielded
9ng of DNA. The organic extraction method yielded no detectable DNA. A complete
genetic profile was obtained from the DNA recovered from the DNA IQ system, while a
partial genetic profile was obtained from DNA recovered from the PrepFiler extraction
system. Eleven of the known twenty-seven alleles were not present on the
electropherogram for the sample that was soil treated and extracted with the PrepFiler
system. No detectable DNA was obtained from the organic extraction procedure and no
detectable DNA profile was obtained from these samples. These data suggests that when
dealing with samples that contain trace soil or evidence that were collected from soil
substrate, it may be preferable to extract the sample with the DNA IQ system than any
other methods. The soil's pH was tested at 6.14 and is considered normal for the state of
Mississippi (Londo & Carter, 2002). The DNA extracted from soil treated samples
retained a dark brown color after several washings and centrifugation. This indicates the
co-extraction of substances present in the soil and is probably macromolecular substances
that were not removed during the washing step.
Bleach treated samples and DNA recovery. The overall recovery of DNA on the

bleach treated samples was low compared to the untreated samples for all the blood
volume used for extraction. For the untreated samples the PrepFiler system yielded the
most DNA quantity (Table 4) and for the bleach treated samples, the organic extraction
yielded the most quantity (Table 6). Even though the overall DNA recovery was reduced
for the soil treated samples, a complete and clean genetic profile was obtained from the
treated samples extracted by all three extraction methods. These results suggest that even
though the DNA recovery was reduced, all the three extraction methods produced quality
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DNA that was amplifiable using the Identifiler kit. Bleach being water soluble, is
probably washed away completely from the samples during the extraction and cleaning
step of the protocol. The reduced recovery of the DNA is due to the action bleach by
damaging or destroying partial samples.
Wood treated samples and DNA recovery. Of all the three contaminants tested,
the wood treated samples yielded the lowest DNA quantities compared to the untreated
and other samples treated with soil or bleach. The organic extraction yielded no
detectable DNA in quantitation while the DNA IQ and the PrepFiler systems yielded 7
and 12 ng of DNA from 10 µl of whole blood. Since the organic extraction procedure
yielded no DNA, no genetic profile was generated from this sample. Even though the
PrepFiler yielded the highest amount of DNA compared to the other two methods, this
DNA did not generate a genetic profile. This is possibly because of the co-extraction of
the inhibitors from the wood substrate and subsequent inhibition of the PCR process.
The only sample that generated a complete STR profile was the DNA that was extracted
by the DNA IQ system. Even though the overall yield for this sample is low, the
extracted DNA was pure enough to generate a complete genetic profile. These data
suggest that the DNA IQ system must be considered when dealing with samples that may
have been collected from wooded surfaces.
It was found that a complete and full genetic profile was obtained from the
untreated and the bleach treated samples using all three extraction methods. For the
wood treated samples, a complete genetic profile was obtained only from DNA extracted
by the DNA IQ system. The DNA extracted using the organic and PrepFiler methods of
the wood treated samples yielded no detectable genetic profile. For the soil treated
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samples, a full genetic profile was obtained using the DNA IQ system. a partial profile
using the PrepFiler system and no profile using the organic extraction procedures. From
these data it is concluded that the wood contains contaminants that inhibit the PCR
reaction severely, and of all the extraction methods tested, the DNA IQ system performed
better than the PrepFiler and the organic extraction methods.
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